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本实验通过农杆菌的介导，以携带 O 型和 A 型口蹄疫抗原决定簇融合基因
O21-O14-A21-HBcAg 的植物表达载体转化苜蓿愈伤组织，并再生得到抗性植株；
对转化后的愈伤组织和抗性植株进行了 GUS 基因活性组织化学染色检测，并对
抗性植株进行了 PCR 检测。 
所获得的试验结果如下： 
1. 建立了苜蓿甘农 1 号再生系统。 佳愈伤组织诱导培养基为 B5＋1.0mg/L 
2,4-D +0.1mg/L KT (B5h) , 分化培养基为不加任何激素的 B5 培养基，生根培养
基则为蔗糖浓度为 10g/L 的 1/2MS 培养基。从愈伤组织的诱导到分化形成再生
植株总共约 60－90 天。 
2. 通过筛选，获得了抗性植株。建立并优化了农杆菌介导的苜蓿遗传转化
系统。实验表明，预培养 4-5 天，农杆菌菌液浓度 OD6000.6－0.8，侵染时间 20min，
共培养 4 天对转化有利。潮霉素和特美汀(timentin)对抗性愈伤再生能力具有明显
的抑制作用。 
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Foot-and-mouth disease (FMD) is a world-wide infectious disease induced by 
foot-and-mouth disease virus (FMDV). It mainly infects the even-feet animals, and 
has the characteristics such as broad transmission, easy infection and high mortality. 
Vaccine derived by transgenic plants is becoming one focus of plant genetic 
engineering. There are such advantages as easy production, low cost, convenient and 
safe use and easy storage. Alfalfa is widely adaptable that it can be found in all kinds 
of terrains and soils. At present, there is an amount of 13,300,000 hm2 of alfalfa in 
China. Alfalfa is considered as an ideal plant of FMD transgenic plants vaccine, not 
only because of its high production, but also its good quality for domestic animals. 
In this study, it is presented that fused gene O21-O14-A21-HBcAg containing 
both type O and A of FMDV epitopes were introduced into alfalfa callus mediated by 
Agrobacterium. Hygromycin-resistant alfalfa callus were obtained by the medium 
containing antibiotic. Hygromycin-resistant alfalfa plants were regenerated from the 
resistant callus. The correlative detection experiments were finished, such as, GUS 
expression detection in transformed callus and hygromycin-resistant alfalfa plants, 
PCR for hygromycin-resistant alfalfa plants. 
The main experiments results were as follows: 
1.Gannong NO.1, which is a cultivar of Alfalfa, regeneration system was 
established. Culture medium for pre-inducing alfalfa callus was B5＋2,4-D 1.0mg/L + 
KT 0.1mg/L  (B5h). Culture medium for inducing alfalfa callus was B5 medium 
without any phytohormone. Culture medium for rootage was 1/2MS with 10g/L  
sucrose. The number of dates from alfalfa callus to hygromycin-resistant alfalfa plants 
was 60-90 days. 
2.Hygromycin-resistant alfalfa plants had already been regenerated from 
transformed callus. We established and optimized the genetic transformation system 
of aifalfa mediated by Agrobacterium. Experiments showed that pre-inducing 
cultivation time at 4-5 days, Agrobacterium concentration reaching 0.6-0.8 at OD600, 
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the infect time at 20 min, and co-cultivation time at 4 days were helpful to increase 
transformation efficiency. Hygromycin and timentin restrained alfalfa plants 
regenerating from callus evidently. 
3.GUS expression and molecular biology detection results were as follows: GUS 
reported genes were expressed in transformed callus in hygromycin- resistant alfalfa 






-HBcAg genes were 
integrated into the genomes of hygromycin-resistant alfalfa plants.  





























2,4-D (2,4-dichlorophenoxy acetic acid) 2,4-二氯苯氧乙酸  
BEI 二乙烯亚胺 
CTAB (cetyltriethylammonium bromide) 十六烷基三甲基溴化铵 
d 9day) 天 
EB (Ethidium Bromide) 溴化乙锭 
FMD(foot-and-mouth disease virus) 口蹄疫 
FMDV(foot-and-mouth disease virus) 口蹄疫病毒  
GUS  (β-glucuronidase) β-葡糖醛酸糖苷酶 
h (hour) 小时 
Hyg (hygromycin B) 潮霉素  
Kan (kanamycin) 卡那霉素  
KT （kinetin） 6-呋喃甲基腺嘌呤 
min (minute) 分钟 
MS 愈伤组织诱导培养基 
OD (Opitical density) 光密度 
PCR (polymerase chain reaction) 聚合酶链式反应  
PEG（polyethylene glycol） 聚乙二醇 
PLO 多聚-L-鸟氨酸 
PPO (Polyphenol Oxidase) 多酚氧化酶 
rmp (Round per minute) 转/分钟 
SDS (Sodium dodecyl sulfate)十二烷基硫酸钠 
Taq DNAase  (Taq DNA polymerase) Taq DNA聚合酶 
TE Tris.CL,EDTA buffer Tris.CL，EDTA缓冲液 
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